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Fish physiologyChromium has been recognized as a new and important micro-nutrient, essential for both human
and animal nutrition. This study was conducted to evaluate the appropriateness and/or the use of
safety level of dietary chromium picolinate (Cr-Pic), and its effects on the physiological
responses, the histometric characteristics, and the chemical analysis of dorsal muscles of
mono-sex Nile tilapia, Oreochromis niloticus. niloticus. A total of 420 ﬁngerlings
(28.00 ± 0.96 g) were randomly distributed into 21 ﬁberglass tanks representing seven treat-
ments at a rate of 20 ﬁsh m3. The control ﬁsh group (T1) was fed a Cr-Pic free basal diet. Other
ﬁsh groups were fed the basal diet supplemented with 200 (T2), 400 (T3), 600 (T4), 800 (T5), 1000
(T6) and 1200 lg Cr-Pic kg
1 diet (T7). Diets were offered to ﬁsh at a feeding rate of 3% of life
body weight for 12 weeks. Results revealed that blood hematological parameters (hemoglobin,
red blood cells, packed cell volume, mean corpuscular hemoglobin concentration, blood plate-
lets, and white blood cells lymphocytes); serum biochemical measurements (total testosterone,
high density lipoprotein, total protein, albumin, and globulin); and the dry matter and crude
protein of the ﬁsh dorsal muscles all have signiﬁcantly increased (P 6 0.05) in the T3 treatment
compared with the other treatments. Meanwhile, no signiﬁcant differences were found among
all treatments with regard to the histometric characteristics. It can be concluded that Cr-Pic
at 400 lg kg1 diet (T3) seems to be the most appropriate level for O. niloticus ﬁngerlings.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Cairo University.Introduction
Chromium (Cr) is an essential micro-mineral that plays impor-
tant roles in nutritional and physiological responses in ﬁsh[1,2]. It is found in the environment commonly in trivalent
(Cr+3) and hexavalent (Cr+6) forms [3]. Chromium exists in
several states of oxidation, ranging from +2 to +6, and its
forms +3 and +6 are the most stable in the environment, they
are also the most biologically important [4]. Various trivalent
chromate compounds have been used as food additives in ﬁsh
diet due to its participation in carbohydrate, protein, and fat
metabolism [2,5]. Chromium picolinate (Cr-Pic) is the most
popular form of Cr+3, and its chemical formula is Cr
(C6H4NO2)3 [6]. It is generally accepted that organic chromium
sources such as chromium picolinate, chelated Cr, chromium–
Table 1 Ingredients and chemical composition (%, DM basis)
of the basal diet.
Item %
Fish meal 12.0
Soybean meal 31.0
Yellow corn 20.0
Wheat bran 25.0
Corn oil 5.0
Vitamins and minerals premix1 2.0
Molasses 5.0
Total 100
Chemical composition (%, DM)
Dry matter (DM) 89.19
Crude protein (CP) 27.24
Ether extract (EE) 6.42
Ash 10.91
Total carbohydrates 55.43
Gross energy (GE) (Kcal/100 g DM)2 439.94
Protein/energy (P/E) ratio (mg CP/Kcal GE)3 61.91
1 Each 3 kg premix contains: Vit. A, 12,000,000 IU; Vit. D3,
3,000,000 IU; Vit. E, 10,000 mg; Vit. K3, 3000 mg; Vit. B1 200 mg;
Vit. B2, 5000 mg; Vit. B6, 3000 mg; Vit. B12, 15 mg; Biotin, 50 mg;
Folic acid 1000 mg; Nicotinic acid 35,000 mg; Pantothenic acid
10,000 mg; Mn 80 g; Cu 8.8 g; Zn 70 g; Fe 35 g; I 1 g; Co 0.15 g and
Se 0.3 g.
2 GE = CP · 5.64 + EE · 9.44 + Total carbohydrates · 4.11.
3 P/E ratio = CP/GE · 1000.
304 A.I. Mehrimamino acid complexes, and yeast-incorporated Cr have more
bioavailability than inorganic sources [7]. However, dietary
Cr+3 is often lost during animal feed handling and processing [4].
Several studies were performed to investigate the effect of
Cr on growth performance of hybrid tilapia (Oreochromis nil-
oticus · Oreochromis aureus) [8], grass carp (Ctenopharyng-
odon idellus) [2], and rainbow trout (Oncorhynchus mykiss)
[9], its roles in metabolism in channel catﬁsh (Ictalurus punct-
atus) [10], and gilthead sea bream (Sparus aurata) [11], as well
as on carbohydrate utilization in hybrid tilapia (O. niloticus
· O. aureus) [5,8], striped bass (Morone saxatilis) and sunshine
bass (Morone chrysops ·M. saxatilis) [12], and on immune
status of Oreochromis mossambicus [13] and rainbow trout
(O. mykiss) [14]. Moreover, its toxicity effects on Chinook sal-
mon (Oncorhynchus tshawytscha) [15], largemouth bass (Micr-
opterus salmoides) [16] and goldﬁsh (Carassius auratus) [17]
were reported too. However, few attempts had been made to
determine the appropriateness level of dietary Cr-Pic for
tilapia ﬁsh. To date, most of the existing studies related to
Cr-Pic use safety levels are focused on human [18], but very
few studies tackled use Cr-Pic safety levels and its physiologi-
cal effects on ﬁsh. Therefore, the present study was carried out
to determine the appropriateness and use of safety level of die-
tary Cr-Pic as an organic Cr+3 and its effects on the blood
parameters, the histometric characteristics, and the chemical
analysis of dorsal muscles of all-male mono-sex Nile tilapia
(O. niloticus) ﬁngerlings throughout a 12-week period.Material and methods
Experimental diets
Formulation and chemical composition of the basal diet are
shown in Table 1. The dietary ingredients and Cr-Pic [Hi-
Chrome tablet a product of Amoun Pharmaceutical Com-
pany, El-Obour City, Cairo, Egypt, where each tablet contains
200 lg chromium as Cr-Pic] supplements were bought from
the local market. Food ingredients were ground and mixed
manually with warm water and molasses. Then, graded levels
of Cr-Pic (0, 200, 400, 600, 800, 1000 or 1200 lg kg1 diet)
were added to the basal diet for preparing the experimental
diets. Thereafter, the experimental diets were pressed by man-
ufacturing machine to form pellets (1 mm diameter).
Experimental procedures and treatments
This study was conducted in the Fish Research Unit, Faculty
of Agriculture, Al-Mansoura University, Al-Dakahlia Gover-
norate, Egypt and all Institutional and National Guidelines
for the care and use of ﬁsheries were followed. All-male
mono-sex O. niloticus ﬁngerlings were obtained from a private
hatchery, Kafr El-Sheikh Governorate, Egypt. Fish were
stocked into a rearing ﬁberglass tank for two weeks as an
adaptation period, during which they were fed a basal experi-
mental diet. Each tank (1 m3 volume), was supplied with an air
stone connected to electric compressor. Dechlorinated tap
water was used to change one third of the water in each tank
every day. Wastes were removed from tanks by siphoning.
Thereafter, a total of 420 apparently-healthy ﬁsh with an aver-
age body weight (28.00 ± 0.96 g) were randomly divided into
seven groups (treatments; at three replications per treatment)at a stocking density of 20 ﬁsh m3. The control ﬁsh group
(T1) was fed the basal diet free of supplemented Cr-Pic. Other
ﬁsh groups were fed the basal diet supplemented with Cr-Pic,
at levels of 200 (T2), 400 (T3), 600 (T4), 800 (T5), 1000 (T6),
and 1200 lg kg1 diet (T7). During the 12-week experimental
period, ﬁsh were daily fed the experimental diet at a rate of
3% of the live body weight for 6 days a week. Every two
weeks, all ﬁsh in each tank were weighed and the amount of
food was adjusted based on the actual body weight changes.
Experimental diet was introduced manually twice a day, at
08:00 and 14:00 h.
Water quality parameters in each tank were measured
weekly, including temperature (via a thermometer), pH-value
(using Jenway Ltd., Model 350-pH-meter, Staffordshire ST15
0SA, UK) and dissolved oxygen (using Jenway Ltd., Model
970-dissolved oxygen meter, Staffordshire ST15 0SA, UK).
Average values of water temperature were 26.0 ± 0.8 C, pH
8.19 ± 0.2 and dissolved oxygen 7.21 ± 0.3 mg L1, which
were suitable for O. niloticus ﬁngerlings rearing [19]. Light was
controlled by a timer to provide 14 h light: and 10 h darkness
as an immaculate imitation to actual light-darkness durations.
Sampling procedure
At the end of the experiment, ﬁve ﬁsh from each tank in all
treatments were anaesthetized by putting them in a small
plastic tank containing 10 L water supplemented with 3 mL
pure clove oil (solved in 10 mL absolute ethanol) as a natural
anesthetic material, where ﬁve ﬁsh dorsal muscles per tank
were taken and kept frozen for chemical analysis. The chemical
analyses of the basal diet and dorsal muscles were carried out
according to the methods of AOAC [20].
At the end of the experiment, other ten ﬁsh from each tank
were anaesthetized by the same anesthetic solution, then blood
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ferent treatments by a plastic syringe (3 mL), which contained
trisodium citrate (4%) as an anticoagulant to avoid the clot-
ting of the blood sample during the collecting process before
transferring it to dried small plastic vials for determination
of the blood hematological parameters. Adequate amounts
of whole blood were used for the determination of hemoglobin
(Hb) using commercial colorimetric kits (Diamond Diagnostic,
Egypt), and the hematocrit (packed cell volume, PCV %) was
measured according to Stoskopf [21]. Also, red blood cells
(RBCs), blood platelets and white blood cells (WBCs) were
counted according to Dacie and Lewis [22] on an Ao Bright-
Line Ha¨mocytometer (Neubauer improved, Precicolor HBG,
Germany). Other blood samples were collected and centri-
fuged at 3500 rpm for 20 min. to obtain blood serum for the
determination of glucose according to Henry [23], total lipids
according to Tietz [24], triglycerides according to MGowan
et al. [25], cortisol and total testosterone hormones using com-
mercial ELISA test kits Catalog number, M-1850 (Alpha
Diagnostic International, USA), and BC-1115 (BioCheck,
Inc., USA), respectively according to Tietz methods [26].
Serum total cholesterol was measured according to Ellefson
and Caraway methods [27], high density lipoprotein (HDL)
and low density lipoprotein (LDL) according to NCEP [28],
total protein, albumin according to Gornall et al. [29] and
globulin according to Doumas and Biggs [30].
In addition, at the end of the experiment, the remained ﬁve
ﬁsh in each tank were sacriﬁced, and ﬁsh dorsal muscles (from
the middle part) were taken for histometric examination. This
means that the number of samples examined per treatment was
75 muscular ﬁbers, where 5 muscular ﬁbers · 3 replications · 5
examined ﬁelds in each slide were counted for the muscular ﬁ-
bers and measured for their sizes. Samples were ﬁxed in 10%
neutralized formalin solution followed by washing with tap
water, then dehydrated using different grades of alcohol
(70%, 85%, 96% and 99%). Samples were cleared by xylene
and embedded in parafﬁn wax. The wax blocks were sectioned
to six microns and stained with hematoxyline and eosin (H &
E) for preparing the histological slides according to Roberts
[31] and then subjected to histometric examination according
to Radu-Rusu et al. [32].Statistical analysis
Data was reported as mean values of all treatments (T1–T7).
Replications (n= 3) and standard errors of mean (±SEM)
are based on tank values (pooled values). Data was subjected
to the General Linear Model procedure (GLM) using SAS
software package [33]. Ratio and percent data were arcsine-
transformed prior to statistical analyses and evaluated by
using the following model:
Yij ¼ lþ Ai þ eij
where, Yij is an observation of blood hematological and bio-
chemical parameters (n= 30), histometric characteristics
(n= 75), or chemical analysis of ﬁsh dorsal muscles
(n= 15); l is the overall mean; Ai is the ﬁxed effect of dietary
Cr-Pic levels (T1–T7); and eij is the random error. Signiﬁcant
differences among mean (at P 6 0.05) were determined with
Tukey’s studentized range test, which was described by Bailey
[34].Results
Blood hematological parameters
Data of blood hematological parameters was illustrated in Ta-
bles 2 and 3. Dietary supplementation with Cr-Pic at levels of
400 (T3) and 600 lg kg
1 diet (T4) led to signiﬁcant (P 6 0.05)
increase of Hb concentration, RBCs count, PCV percentage,
mean corpuscular hemoglobin concentration (MCHC), blood
platelets count, WBCs count, and the percentage of lympho-
cytes compared to the other treatments. However, mean cor-
puscular volume (MCV) and neutrophils percentage were
signiﬁcantly decreased compared with the other graded levels
of dietary Cr-Pic. Meanwhile, mean corpuscular hemoglobin
(MCH), monocytes and eosinophils percentages were not af-
fected in all treatments. Generally, increasing the other graded
levels of dietary Cr-Pic had signiﬁcantly (P 6 0.05) decreased
most of blood hematological parameters (Hb, RBCs, PCV,
MCHC and WBCs) compared with the control treatment.
Blood biochemical parameters
Dietary supplementation with Cr-Pic at 400 lg kg1 diet (T3)
led to signiﬁcant (P 6 0.05) decrease in serum glucose, total
lipids, total cholesterol, and LDL concentrations Table 4.
However, serum total testosterone, HDL Table 4, total pro-
tein, albumin, and globulin concentrations Table 5 were signif-
icantly increased (P 6 0.05) compared with the other levels of
Cr-Pic or the control treatment. Meanwhile, in the same treat-
ment (T3), the levels of triglyceride, cortisol Table 4, and albu-
min/globulin ratio Table 5 did not differ signiﬁcantly
(PP 0.05) compared with the other Cr-Pic treatments, but
were signiﬁcantly decreased (P 6 0.05) compared with the con-
trol treatment.
Histometric examination and chemical analysis of ﬁsh dorsal
muscles
Fish fed diet supplemented with Cr-Pic at 400 lg kg1 (T3)
showed signiﬁcant (P 6 0.05) increases of smallest, largest
and mean diameters compared with the other Cr-Pic treat-
ments Table 6. However, other histometric characteristics
(smallest/largest ratio; intensity of muscular bundles mm2;
the percentage of muscular bundles area mm2, and the per-
centage of connective tissue mm2) had no signiﬁcant
(PP 0.05) differences among all treatments Table 6. On the
other hand, diet supplemented with Cr-Pic at 400 lg kg1
(T3) led to signiﬁcant (P 6 0.05) increase in the dry matter
and crude protein contents Table 6. However, ether extract
and ash of ﬁsh dorsal muscles were signiﬁcantly decreased as
compared with other Cr-Pic treatments Table 6. Generally, it
could be noted that the other dietary supplemented levels of
Cr-Pic had neutral effects on histometric characteristics and
chemical composition of ﬁsh dorsal muscles compared with
the control treatment (T1).
Discussion
In recent years, more attention was given to hematological
studies as an integral part of the health conditions, and the
productivity and the physiological state of ﬁsh. Hence, the
Table 3 Effect of graded levels of dietary chromium picolinate supplementation on white blood cells count and its differentiation of
Oreochromis niloticus.
Treat. WBCs (·103 mm3) Lymphocytes (%) Monocytes (%) Neutrophils (%) Eosinophils (%)
T1 855.0
b,c 91.9c,d 2.00 5.32a 0.82
T2 865.0
b 92.7b,c 2.00 4.30b 1.00
T3 935.0
a 94.7a 1.00 3.31c 0.93
T4 935.0
a 93.9a,b 1.00 4.33b,c 0.81
T5 840.0
c 91.0d 1.70 6.32a 1.00
T6 815.0
d 90.8d 2.00 6.31a 0.92
T7 805.0
d 90.7d 2.00 6.30a 1.00
SEM ±7.07 ±0.48 ±0.28 ±0.30 ±0.01
P-value 0.001 0.002 0.10 0.001 0.10
WBCs, white blood cells; SEM, standard error of means, as pooled values; n= 30.
Means in the same column having different superscripts were signiﬁcantly different (P 6 0.05).
Table 4 Effect of graded levels of dietary chromium picolinate supplementation on some blood serum biochemical parameters of
Oreochromis niloticus.
Item Treatment SEM P-value
T1 T2 T3 T4 T5 T6 T7
Glucose (mg dL1) 252.5a 177.8b,c 127.2d 160.3c 176.5b,c 186.8b 176.7b,c ±7.21 0.001
Total lipids (mg dL1) 3015a 2913a 1945d 2010c,d 2166b,c 2162b,c 2254b ±58.63 0.001
Triglyceride (mg dL1) 208.8a 205.1a,b 172.5d 174.7c,d 191.3b,c 187.8c,d 184.6c,d ±5.12 0.001
Cortisol (lg dL1) 2.95a 2.25b 1.75c 1.90b,c 2.10b,c 2.05bc 2.05b,c ±0.11 0.001
Total testosterone (ng mL1) 331.0d 359.5c 472.5a 460.0a 392.5b 400.0b 397.5b ±7.01 0.001
Total cholesterol (mg dL1) 282.5a 255.7c,d 242.0e 249.6d,e 263.8b,c 268.6b 268.7b ±3.92 0.001
HDL (mg dL1) 92.0e 101.8d 132.8a 126.4b 116.4c 112.8c 115.6c ±2.02 0.001
LDL (mg dL1) 148.8a 113.0b 74.7c 88.4c 109.1b 118.2b 116.2b ±4.86 0.001
HDL, high density lipoprotein; LDL, low density lipoprotein, SEM, standard error of means, as pooled values; n= 30.
Means in the same row having different superscripts were signiﬁcantly different (P 6 0.05).
Table 2 Effect of graded levels of dietary chromium picolinate supplementation on blood hematological parameters of Oreochromis
niloticus.
Treat. Hb (g dL1) RBCs (·106 mm3) PCV (%) Blood indices Platelets (·103 mm3)
MCV (l3) MCH (pg) MCHC (%)
T1 5.95
a,b,c 1.75b,c 16.0b 91.6c,d 33.9 37.2a 612.7b
T2 5.85
b,c 1.65d,e 16.1b 97.4a,b,c 35.5 36.5a,b 620.0b
T3 6.30
a 1.85a 16.6a 89.7d 34.1 37.9a 672.7a
T4 6.15
a,b 1.80a,b 16.5a 91.4c,d 34.2 37.4a 662.7a
T5 5.60
c,d 1.70c,d 15.9b 93.8b,c,d 32.9 35.1a,b,c 605.0b
T6 5.40
d,e 1.60e,f 15.9b,c 99.5a,b 33.9 34.1b,c 607.7b
T7 5.20
e 1.55f 15.6c 100.7a 33.6 33.3c 600.0b
SEM ±0.12 ±0.03 ±0.09 ±2.02 ±0.79 ±0.86 ±7.23
P-value 0.002 0.001 0.001 0.009 0.50 0.01 0.001
Hb, hemoglobin; RBCs, red blood cells; PCV, packed cell volume; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; platelets, blood platelets; SEM, standard error of means, as pooled values, n= 30.
Means in the same column having different superscripts were signiﬁcantly different (P 6 0.05).
306 A.I. Mehrimobtained results revealed that dietary supplementation with
Cr-Pic at levels of 400 lg kg1 diet (T3) and 600 lg kg
1 diet
(T4) led to signiﬁcant (P 6 0.05) increases of Hb concentra-
tion, RBCs count, PCV percentage, MCHC, blood platelets
count, WBCs count, and the percentage of lymphocytes. How-
ever, they caused signiﬁcant decreases of MCV and neutrophils
percentage compared with the other levels of Cr-Pic. Increas-ing WBCs count can be correlated with an increase in antibody
production, that helps in survival and recovery of ﬁsh exposed
to toxicants [35]. This conﬁrms the role of chromium in
enhancement of the immune responses of the hybrid tilapia
(O. niloticus · O. aureus) [36]. The present results are nearly
similar to those reported by Askar et al. [37] who reported that
Hb and PCV values signiﬁcantly increased (P 6 0.01) due to
Table 5 Effect of graded levels of dietary chromium picolinate supplementation on blood serum total protein of Oreochromis
niloticus.
Treat. Total protein (g dL1) Albumin (g dL1) Globulin (g dL1) AL/GL ratio
T1 3.37
d 1.95b 1.42d 1.38a
T2 3.90
b,c 2.20a 1.70c 1.29a
T3 4.27
a 2.23a 2.04a 1.09b
T4 4.05
b 2.15a 1.90b 1.13b
T5 3.83
c 2.00b 1.83b 1.09b
T6 3.85
c 2.00b 1.84b 1.08b
T7 3.81
c 1.95b 1.86b 1.05b
SEM ±0.05 ±0.04 ±0.03 ±0.04
P-value 0.001 0.001 0.001 0.004
AL/GL ratio = albumin/globulin ratio; SEM, standard error of means, as pooled values; n= 30.
Means in the same column having different superscripts were signiﬁcantly different (P 6 0.05).
Table 6 Effect of graded levels of dietary chromium picolinate supplementation on histometric characteristics and chemical analysis
of Oreochromis niloticus dorsal muscles.
Treat. T1 T2 T3 T4 T5 T6 T7 SEM P-value
Smallest diameter (lm) 44.4a,b 40.0a,b 47.2a 38.0a,b,c 34.4b,c 32.0c 33.2b,c ±3.51 0.03
Largest diameter (lm) 55.6a,b 52.4a,b,c 60.8a 53.2a,b,c 47.6b,c 47.6b,c 42.0c ±3.71 0.03
Mean diameter (lm) 50.0a,b 46.2a,b,c 54.0a 45.6a,b,c 41.0b,c 39.8c 37.6c ±3.10 0.009
Smallest/largest ratio 0.802 0.764 0.782 0.736 0.720 0.676 0.798 ±0.06 0.70
Intensity of muscular bundles (mm2) 350.0 350.0 350.0 422.0 422.0 494.0 515.0 ±81.38 0.60
% of muscular bundles area (mm2) 74.1 70.1 77.4 75.2 61.9 66.4 60.2 ±8.07 0.60
% of connective tissue (mm2) 25.9 29.9 22.6 24.8 38.2 33.6 39.8 ±8.07 0.60
Chemical analysis of dorsal muscles (%, dry matter basis)
Dry matter 15.9d,e 16.5c,d 18.3a 17.6a,b 17.2b,c 16.3c,d 15.2e ±0.29 0.001
Crude protein 89.9c 90.4b,c 92.9a 90.2c 91.4b 88.4d 90.4b,c ±0.36 0.001
Ether extract 4.74a,b 3.82c,d 2.71d 4.40b,c 3.23c,d 5.62a 2.94d ±0.44 0.001
Ash 5.44d 5.91b 4.63c 5.42b 5.44b 5.93b 6.72a ±0.23 0.001
SEM, standard error of means, as pooled values; % of muscular bundles area, mm2 = ([3.14 · (mean diameter/2)2] · Intensity of muscular
bundles mm2) · 100, whereas: the muscular bundles were appeared as circularity shape approximately; % of connective tissue,
mm2 = (1  muscular bundles area, mm2) · 100; n= 75 for histometric characteristics; n= 15 for chemical analysis of ﬁsh dorsal muscles.
Means in the same row having different superscripts were signiﬁcantly different (P 6 0.05).
Dietary chromium picolinate and Nile tilapia 307the effect of dietary Cr-Pic supplementation. This may be due
to the role of chromium in stabilizing the red blood cells
against cellular changes caused by peroxidation [38].
Meanwhile, increasing the level of Cr-Pic in ﬁsh diet had
signiﬁcantly (P 6 0.05) decreased most of blood hematological
parameters (Hb, RBCs, PCV, MCHC and WBCs) compared
with the control treatment, conﬁrming the negative effect of
Cr-Pic with levels higher than 600 lg kg1 diet on O. niloticus.
In this perspective, present ﬁndings show that high values of
MCV were obtained in ﬁsh fed diet supplemented with Cr-
Pic at levels up to 600 lg kg1 may be attributed to reduction
of RBCs Table 2 or related to the swelling of RBCs as reported
by Murad and Mustafa [39]. The reduction of RBCs count and
Hb content observed in ﬁsh groups treated with Cr-Pic up to
600 lg kg1 diet may be due to the disruptive action on the
erythropoietic tissue, which in turn affects the cell viability.
Also, chromium has been shown to impair iron metabolism
and storage, leading to signiﬁcant reduction in serum iron, to-
tal iron-binding capacity, ferritin and hemoglobin [40]. How-
ever, reduction of WBCs count Table 3 in ﬁsh exposed to
high levels of Cr-Pic may be a consequence of a sharp decline
in number of lymphocytes Table 3 and blood platelets Table 2.
Similar results were reported in rainbow trout (O. mykiss) fedthe high level (2340 lg kg1 diet) of dietary chromium yeast
[14] and in Cyprinus carpio exposed to 500 lg kg1 diet of
chromium(VI) [41]. Generally, in the present study, the nega-
tive effects on hematological parameters of ﬁsh treated with
levels of Cr-Pic higher than 600 lg kg1 diet may be reﬂected
on the general health status and productivity of ﬁsh.
Dietary Cr-Pic at 400 lg kg1 (T3) led to signiﬁcant
(P 6 0.05) decrease of serum glucose, total lipid, triglyceride
and cortisol levels compared with the other levels of Cr-Pic
and the control treatment, which may be related to the stimu-
latory role of Cr+3 on the physiological glucose metabolism
and the positive effects of dietary Cr-Pic at 400 or 600 lg kg
1 diet on blood hematological parameters Tables 2 and 3.
This may be supported by the ﬁnding that dietary Cr has been
associated with changes in circulating cortisol concentrations
[42], and that Cr is an integral structural component of glucose
tolerance factor (GTF), where; GTF (tentatively identiﬁed as a
chromium–nicotinic acid complex) may be the biological active
form of Cr+3. In addition, Cr+3 is thought to potentate the ac-
tion of insulin through the increase of insulin binding, insulin
receptor number and function through lowering glucose and
lipids, thereby regulating the uptake of glucose into cells [43].
Moreover, the present physiological ﬁndings are in agreement
308 A.I. Mehrimwith those reported by Ku¨cu¨kbay et al. [1] who revealed that
serum glucose decreased (P 6 0.001) by increasing the level
of Cr-Pic (800 or 1600 lg kg1 diet) in rainbow trout (O. my-
kiss), and hybrid tilapia (O. niloticus · O. aureus) fed dietary
Cr-yeast (200 lg kg1 diet) [36], as well as O. niloticus fed
Cr-Pic up to 1200 lg kg1 diet which also signiﬁcantly de-
creased serum triglyceride [44].
In particular, Cr+3 has shown a positive inﬂuence on the
reproductive efﬁciency of pigs and cattle [45]. However, it ap-
pears that there were no attempts done related to its reproduc-
tive effects in ﬁsh. Thus, serum total testosterone was
measured in the present study because of its relation to the to-
tal cholesterol, HDL, LDL and also as an indicator to the
reproductive effect of Cr-Pic on tilapia ﬁsh. In the present
study, signiﬁcant (P 6 0.05) increases of serum testosterone
and HDL was enhanced by dietary Cr-Pic especially at
400 lg kg1, which is related to the ﬁnding by Mehrim [46]
who reported a signiﬁcant increase of the gonado–somatic in-
dex (GSI %) in O. niloticus treated with 400 lg Cr-Pic kg1
diet among all treatments. Similarly, Liu et al. [2] mentioned
that grass carp (C. idellus) fed a diet supplemented with
800 lg Cr-Pic kg1 had higher serum HDL concentration,
but less serum cholesterol concentration.
In the present study, signiﬁcant positive effects of 400 lg
Cr-Pic kg1 diet (T3) on serum total protein, albumin and
globulin concentrations were detected compared with the other
levels of Cr-Pic or the control group. Hence, the superiority of
T3 over the other treatments was conﬁrmed by its positive ef-
fects on WBCs and lymphocytes Table 3, that reﬂects the role
of Cr-Pic at 400 lg kg1 diet in enhancement of ﬁsh immune
responses. These results are related to those reported on the
role of chromium for improving the physiological and immune
responses in O. mossambicus [13]; hybrid tilapia (O. niloticus
· O. aureus) [36], and rainbow trout (O. mykiss) [1]. Mean-
while, decreasing of serum total protein content in ﬁsh exposed
to levels of Cr-Pic higher than 400 lg kg1 diet Table 5 may be
due to decreased rate of protein synthesis, utilization of energy
or secreted mucous proteins could alter the protein levels un-
der metallic stress [47]. Generally, it could be stated that Cr-
Pic at 400 lg kg1 diet is safe and advantageous to the health
of O. niloticus while its level higher than 400 lg kg1 diet has
drastic effects on O. niloticus. This is in agreement with the
ﬁndings of El-Sayed et al. [44] who found that dietary Cr-Pic
(up to 1200 lg kg1 diet) has signiﬁcantly (P< 0.05) de-
creased serum cholesterol, total protein, albumin, and globulin
concentrations of O. niloticus.
The graded levels of dietary Cr-Pic had neutral effects on
histometric characteristics of ﬁsh dorsal muscles compared
with the control treatment, which is in line with the ﬁndings
of Mehrim [46] who found that Cr-Pic had no signiﬁcant ef-
fects on O. niloticus growth performance in a complementary
study related to the present work. However, dietary Cr-Pic
at level of 400 lg kg1 diet (T3) has signiﬁcantly (P 6 0.05) in-
creased the smallest, largest and mean diameters of ﬁsh dorsal
muscles compared with the other levels of Cr-Pic. The superi-
ority effect of T3 on ﬁsh dorsal muscles may be related to the
positive effects of T3 that increased the dry matter, crude pro-
tein and decreased ether extract contents in ﬁsh muscles than
other levels of Cr-Pic, which reﬂected the effects of Cr-Pic in
increasing the lean muscles mass of treated ﬁsh. In this trend,
Zimmerman and Lowery [48] revealed that muscle growth is a
dynamic process in White Sea bass (Atractoscion nobilis) thatbegins early in their development and continues throughout
much if not all of their life span. Furthermore, Mommsen
[49] demonstrated that muscle growth in ﬁsh differed from
other vertebrates because it occurs indeterminately, due to
continuous growth through life.
The present ﬁndings of chemical composition of dorsal
muscles of ﬁsh treated with dietary supplementation of
400 lg Cr-Pic kg1 diet (T3) represented signiﬁcant (P 6 0.05)
increase in dry matter and crude protein contents compared
with the other levels of dietary Cr-Pic, which may be due to
the signiﬁcant (P 6 0.05) increase of serum protein by the same
treatment (T3, Table 5). Meanwhile, there is a negative relation
between dry matter and ether extract among all treatments,
which may be due to the increasing of crude protein content
in dorsal muscles. Also, it may be related to the role of Cr in
reducing the lipid retention by decreasing the activities of lipo-
genesis [50], and/or Cr roles to make insulin function more efﬁ-
ciently by enhancing the uptake of glucose from the blood into
the cell [43].
Conclusions
In accordance with the obtained physiological and biochemical
results, it could be concluded that Cr-Pic at 400 (T3) followed
by 600 lg Cr-Pic kg1 diet (T4) as dietary supplementation are
the most appropriate and/or the safest levels for mono-sex Nile
tilapia, O. niloticus, ﬁngerlings. Thus, these levels of Cr-Pic
may be recommended as food supplements for Nile tilapia diet
in ﬁsh farms and ﬁsh food factories. Further scientiﬁc attempts
are needed to study the role of Cr-Pic on the reproductive efﬁ-
ciency of O. niloticus in this stage and other stages of
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